Pulmonary complications are a major causes of morbidity and mortality for persons with spinal cord injury (SCI). The degree of respiratory impairment resulting from SCI is dependent on the level of injury sustained. The aim of this study was to assess pulmonary function of the SCI patients with spirometry and relate the clinical complaints to vital capacity (VC). We also correlated other pulmonary function test parameters with VC. Thirty-five subjects, aged 34.5 to 15.2 years, participated in the study. Eleven patients (31.4 percent) were tetraplegic, and 24 patients (68.6 percent) were paraplegic. Paraplegic and tetraplegic groups were compared. No significant difference in the prevalance of cough, wheezing, chest pain, or sputum production was found. Dyspnea was more common in tetraplegics (p < 0.05). Chest expansion was greater in paraplegics without reaching statististical significance. Spirometric tests revealed that VC, forced vital capacity (FVC), inspiratory capacity (IC), inspiratory reserve volume (IRV), and expiratory reserve volume (ERV) were significantly smaller in the tetraplegics. Statistical relationships were determined between VC and other tests. VC was found to be significantly correlated with each of the other pulmonary function tests. VC measurements show a significant correlation with other pulmonary function measurements, but clinical complaints of patients do not appear to be related to VC.
Introduction
Approximateiy 67.9 percent-uf all spinal cord injured (SCl) persons have frequent respiratory problems such as pneumonia, ~lCCIlCC~151v, and respiratory infections due to the decrease in active respiratory musculature ( 1, 2, 3 ) .
The degree to which the respiratory muscles are impaired depends on the level of the lesion (4, 5) . Lesions in the lower thoracic region of the spinal cord reduce function in the abdominal musculature, which causes a decrease in forced expiration. Lesions in the upper thoracic level reduce function in the intercostal muscles, thereby reducing inspiration. Cervical levels of injury impair intercostal muscles, leaving only the diaphragm for vcntilation ( 1,5,C,7) .
Spinal cord injury can impair ventilation in a number of ways. Absent or decreased function of the diaphragm, abdominal muscles, and intercostal muscles re, sults in decreased inspiratory Mnll expiratory volumes. Decreased function of respiratory musculature also results in decreased rib cage compliance and motion (-1,7,8, 9,10,11,12) .
The reduced function of respiratory musculature secondary to SCI results in a decrease in pulmonary function.
Pulmonary function testing of patients with cervical or high thoracic SCI reveals changes suggesting restrictive ventilatory dysfunction. Spirometry and measurement: of static lung volumes classically reveal significant reductions in vital capacity (VC), inspiratory capacity (IC), functional residual capacity (FRC), and expiratory reserve volume (ERV), as wet) as elevated residual vulumc (RN/). Measures of air now, such as the forced expiratory volume in one second (FEV, ), is also reduced. Because flow rates were believed to he decreased in proportion to the reduction in VC, the presence of an obstructive component of respiratory dysfunction in this Reputation has not been observed by previous investigators (4,12,)~). Information was llhtained from pulmonary function studies of the mechanical function of thc respiratory system and its ability to increasc workload in response to stress. A study by Roth and co-workers ( 14) and related studies by other investigators (15) (16) (17) (18) (19) (20) (21) (22) (23) had concluded that VC measured by a convenient, hand-held device was enough in the care of thc SCI patients for the assessment of pulmonary function, ventilatory reserve, and the ability to breathe deeply and cough. The aim of the study was to assess pulmonary function of SCI patients with spirometry to relate thc clinical complaints to VC and to tcst the validity of Roth's idea in our patient population. The sample included 35 patients with SCI. All patients gave informed consent for participation in the study. All patients were in good condition, with chest injurics and pneumonias resolved before pulmonary function testing, and were completely healthy before SCI. Patients with open tracheostomy were excluded from the study.
Procedures
Demographic data of age, sex, history of smoking, pneumonia and tracheostomy, etiology and level of injury (as defined by Aincrican Spinal Injury Association criteria), associated chest injurics, and the use of spinal orthosis were recorded for each patient. All patients were evaluated for respiratory rate, respiratory sounds, dyspnea, wheezing, chest pain, cough, and sputum production, and their chest radiographs were examined. Pulmonary function testing was carried out using Cyhermedics Pulmonary Testing Machine (Cybermedics Inc., Loisville, CO) with patients in the sitting position. Pulmonary function test-ing battery included B'it',Il capacity (VC), forced vital capacity (FVC), forced expiratory volume in one second (FEV)), inspiratory capacity (IC), expiratory resenT volume (ERV), inspiratory reserve volume (IRV) and FEV, to 
Results
Thi; study was carried out on 7 females (20 percent) and 28 mates (80 percent) with a mean a~e of 34.~ years (range 16 to 65 years) admitted to thc Istanbul Physical Therapy and Rehabilitation Center for SCI between April 1995 and December 1995. Motor vehiclc accidents werc thc most common cause (40 percent), followed hy tolls from heights ( 17.1 percent) and penetrating injurics (11.4 percent). Eleven patients ( 31.4 percent) were quadriplegic (C4-C7), and 24 patients (68.6 percent) were l,aral,lc~ic (T3-S 1 ). Elevcn patients ( 31.4 percent) had ASIA impairment scate l:la15J1tlCalCltlll of conlhlrtc spinal cord injury, and 24 patients (68.6 percent) had incomplete SCI. In the quadriplegic group two patients were ASIA Impairment Scalc A, four patients B, four patients C, and one patient D. In the paraplegic group, ASIA Impairment Scales were 9 A, 2 B, I 1C, and 2 1~.
Mean time from injury to testing was 7.~)~ -!-C.32 months (range 2-36). Thc time from injury showed no correlation with VC (Figure 1 ).
Twcnty-thrcc patients (65 percent) gave a history of smoking (more than 10 cigarettes/day) and six patients (17 percent) had a history of pneumonia. Three patients (8 percent) had a tracheostomy and 15 patients (43 percent) had <1 spina) orthosis. Six subjects (17 percent) sustained associated chest injuries at thc timc of SCI, all of which were completely resolved at thc time of participation in the study.
Respiratory rate ranged from 14 to 32 with a mean of 19.05 ± 3.37. Respiratory sounds were decreased in 7 patients (20 percent), normal in l5 patients (42 percent), and increased in 13 patients (38 percent). Dyspnea was reported by 9 patients (26 percent), wheezing hy 11 patients (31.4 ~,crcent), cough by 21 patients (60 percent), and sputum by 11 patients (31.4 percent). Chest radiographs from all patients were unrenlarkable.
Paraplegic and quadriplegic groups were compared. No significant difference in thc history of smoking, pneumonia, tracheostomy, use of spinal orthosis, or chest injury was found, and there was no significant difference in the prevalance of cough, wheeling, chest ylln, ()r sputum production, (p > 0.05). Complaints ofdyspnea were more common in quadriplegics (p < 0.05) (Figure 2 ). The patient complaints did not affect measured VC (Table 1 ). Maximum chest expansion was greater in the paraplegic group hut did not reach statistical significance ( 1.97 ± 0.80 versus 2.41 ± 0.58, p = 0.08).
Between levels of injury thcrc were significant differences in pulmonary function. Shirometric testing revealed that vital capacity was significantly less in the quadriplegics (E, = 0.001 ). Quadriplegic patients had sta-tistically significant; smaller B'lllllfllt's for FVC, 1C, IRV, and ERV (p < 0.05). Thcrc was no statistically significant difference between groups for FEV; (p > 0.05). The ratio FEVi/FVC was significantly higher in thc quddriplegics (E, < 0.05) (Tahle 2a, h; Figure 3a 
Discussion
Pulmunary comptications alrO a major causes of morbidity and mortality for persons with SCI (8, 9, 10, 12, 13, 15, 17, 22, 23 ) . Thc degree of respiratory impairment resulting from SCI is dependent on the level of injury sustained (4, 24) . Lesions above the third cervical level result in total paralysis of all muscles of respiration and re- Table 2a . The c(JJ)1/)(lris(l11 (If l)tili7ioiitii--y 'iClll'iinll iTW Ilil1'CTTlllf heculccl1 «<>.aple,14c.; ci7iti j)CIl'Cl~)~e~rl~1 Table 2b . The Cntll~)C11'ISWl (If /J!tln1UI1Clr)' fllnccion ml'(L~tlrL'l11l'nc hl'CH'el'l1 cccnl/>k~io and ~lfl1'CI~Uc'~tCS quire mechanical ventilation. C3 through C5 nerve root injuries can alsu affect function of the phrenic nerves and diaphragm. Some accessory inspiratory muscle function, the scalanes, sternocleidomastoicl, and neck extensors, may be retainell unless spinal cord damage is complete and above C2. Lwver cervical and lumhar spine lesions spare the diaphragm hut impair intercostal and ~lhllul111llall muscle function. The intercostal muscles assist in both inspiratory and expiratory efforts and thc ahduminal muscles are important for forced expiration or coughing. Patients with lesions of only the sacral spine have intact diaphragm and inspiratory muscle function in ~;eneral, but inspiratory capacity is decreased because of inability to stabilize the pelvic floor and abdominal wall for optimal diaphragm excursion. Expiratory reserve volume and maximum teneratell expiratory pressures and flows are also severely reduced, resulting in impaired cough and inadequate ahility to clear airway secretions (4, 25) .
The 35 SCI patients evaluated clinically and with spirometry were found to have decreased respiratory sounds in 20 perccnt and increased respiratory sounds in 38 percent. The increased prevalance of chest pain in quadriplegics is most likely related to chest injury in this group of patients. Bates has reported that there is increased chest wall stiffness after SCI (26) . We were unable to measure chest wall stiffness with body pletysmography or transesophageal pressure measurements, but we measured maximal chest wall expansion as an indirect indicator. Maximal chest expansion is relatively preserved in paraplegics, which is related to less respiratory muscle weakness. , Vital capacity did not show a correlation with time from injury. Most of our patients were tested during the first 12 months after injury, which may nlask the expected increase in VC with time. The absence of an effect of patients' clinical complaints on measured VC implies that VC is not hc a useful predictor of patient complaints.
Vital capacity, FVC, 1C, IRV, and ERV were more impaired in quadriplegics, which was also related to the extent of respiratory muscle involvement. In quadriplegics the association ofdyspnea with higher FEVI/FVC ratio was linked to restrictive respiratory pathology observed in this group (27) . Our results show that in quadriplegics, clinical and spirometric parameters were perturhed to a greater extent than in paraplegics, which has been reported in the literature (4, 15, 17, 25) . FEV) measurements in paraplegis and tetraptegics did not show a statistically significant difference. This finding, which is different from previous reports, may be due to more quadriplegic patients with secretion problems and to more incomplete cases (9/11). The ratio of FEV1 to FVC was statistically smaller in tetraptegics with sputum production when compared to nonproducers (54.68 percent ± 19.02 vs. 72.62 percent ± 13.8, p = 0.029). The increased secretions present in our patient group may be related to inadequate rehabilitation during home carc.
For this reason, assessment and serial monitoring of ventilatory status using pulmonary function testing are useful and effective components of the comprehensive Table 3a . W 1W 'L~QIIr)t1S hectl'ceJ1 l'i c(t! eCl~7CiClIY tl7ltl other /mlm())lLl1')' j1lllClirlll tests care of thcse patients. Bccausc vitall capacity (VC) measurcment is incxpcnsivc and easy to perform at the bed-sidc, usc of this test atone is more practical than Full pulmonary function testing. While VC measurements are commonty incorporated into cliniml practice, scientific justificntion for their use has been lacking (3, 14) .
The results of the present investigation demonstrate that vital capacity is correlated with most of the other pulmonary function tests, suggcsting that vital capacity is a useful indicator of overall ventilatclry function and can be measured using a convenient, easily transportable hand-held device. Potential beneficial effects of using vital capacity measurements in SCI patients include earlier detection of respiratory compromise and improved monitoring of clinical progress. Early detection of ventilatory dysfunction may prevent rapid and serious deterioration of pulmonary status. The high degree of correlation between VC and the other tests supports thc common clinical use of VC for this purpose.
